Mr P K C Austwick (Central Veterinary Laboratory, Weybridge) Bovine Mycotic Abortion [Summary] Bovine mycotic abortion is a mycosis of multiple causation characterized by a necrotizing placentitis. Infection of the gravid bovine uterus by a fungus was first recorded in 1920 and thought to be uncommon, but it has now been found in this country in 20% of the cases of abortion investigated in the laboratory. The placenta normally shows retention of the maternal caruncles with thickened cotyledon margins and intercotyledonary areas. Microscopical examination shows extensive invasion of maternal and feetal tissue by hyphe, and field cases show destruction of the epithelia, the foetal villi and the cryptal connective tissue. An early experimental lesion showed a marked round cell infiltration and haemorrhage in segments of the caruncles. The feetus may show skin lesions and in one in four cases of placental infection hyphae are present in the stomach content. Focal lesions have also been seen in the lungs, liver and other organs. The effect of fungal infection on the uterus has not been adequately investigated but detachment of the maternal caruncles leaves visible scars and there is a loss of endometrium. Subsequent breeding performances can be affected.
Twenty-two identified species of fungi have been reported from mycotic abortion with Aspergillusfumigatus associated with the majority of cases. Some species are recognized pathogens of man and animals and four have been used to induce experimental uterine infection by intravenous inoculation. Almost all the species have also been isolated from hay and straw and those materials are thought to be the source of infection.
The epidemiology of bovine mycotic abortion is at present unknown but there are three possible routes of entry into the body: vaginal, alimentary and respiratory. Inoculation of the uterus with spores at the time of insemination has failed to lead to infection and the feeding of cultures was also unsuccessful. Penetration through the lungs remains the most likely route of infection, with phagocytosis of inhaled spores in the alveoli followed by their transport to the uterus. Group I Perhaps the best known diseases in this group are histoplasmosis and coccidioidomycosis, both common in the USA where they constitute a real hazard to health in certain areas. The tests described are numerous, comprising skin tests, complement fixation tests with a variety of antigens, precipitin tests and tests involving the agglutination of an assortment of particles such as red cells, collodion, latex or yeast fragments.
Each has or has had its advocates and they have recently been usefully compared by Schubert & Wiggins (1963) .
The average case of either coccidioidomycosis or histoplasmosis becomes positive to the different types of test in a fairly constant manner. Skin reactions of the delayed type induced by intracutaneous injections of suitable antigens appear within the first week of the disease in some 80% of patients and close on 100 % react by the end of three weeks; in most cases this skin reactivity endures permanently. Precipitating antibodies appear in 50 % of patients in the first week and in 90% by the end of three weeks; they start to diminish after the fourth week and have usually disappeared completely by the third or fourth month. Complement fixing antibodies are generally slower to appear and disappear; they are usually present in 10% of patients by the end of the first week and in a progressively higher proportion over the next three or four months. The subsequent course of the titre of complement Section ofComparative Medicine fixing antibodies depends in large measure on the patient's clinical condition, tending to rise during dissemination of the disease and fall during resolution. Generally the titre falls to zero soon after resolution but may persist at a low level for months or years. Conversely skin tests, initially positive, may become negative during dissemination and return to positive during resolution. A rising titre of complement fixing antibodies coupled with a diminishing skin reaction indicates a poor prognosis.
As routine, the most useful tests are skin tests, complement fixation tests and precipitin tests in that order, the other tests being relatively unreliable. It has been noted (Salvin et al. 1954 , McDearman & Young 1960 ) that skin testing in itself can give rise to circulating antibodiesa practical point worth bearing in mind when a series of tests is envisaged. Except in relatively rare cases of serious disease leading to anergy it may be taken as axiomatic that no other test will be positive if the skin test is negative. Skin and complement fixation tests are most reliably conducted with histoplasmin or coccidioidin at a variety of concentrations and precipitating antibodies are best detected by double diffusion in agar.
Cross-reactions, notably with North American blastomycosis, do occur and may present a diagnostic problem. Generally, but not always, the patient's antiserum reacts most strongly with the homologous antigens; there are also clinical and geographical differences between the diseases but final diagnosis may have to await isolation of the organism.
An attempt has been made to characterize the antigenic structures of Histoplasma capsulatum and Blastomyces dermatitidis by means of fluorescent antibodies (Kaufman & Kaplan 1963) . If rabbits are immunized with both the yeast and mycelial phases of t-hese two organisms, fluorescein isothiocyanate conjugates can be prepared from the resulting antiglobulins which can in turn be used after absorption, to stain strains of known organisms. Such tests suggest that five antigens are involved in the two phases of these two dimorphic fungi after this fashion: H. capsulatum: yeast phase, A, B, C and E; mycelial phase, A and C. B. dermatitidis: yeast phase, A, C, D and E; mycelial phase, A only.
Of a different nature are the various syndromes associated with infection by Aspergillus spp., notably A. fumigatus. It is customary to recognize three types of pulmonary aspergillosis in man (Hinson et al. 1952) , namely diffuse bronchopulmonary aspergillosis, aspergilloma and allergic aspergillosis, of which the last is the commonest. Diffuse bronchopulmonary aspergillosis is so rare that little knowledge of its immunological aspects exists. Allergic aspergillosis is quite common and is characterized by the presence of the fungus in mucous plugs in the bronchial tree without actual invasion of the lung parenchyma; X-rays of such patients show transitory lung shadows, and they have eosinophilia. Most of them give positive skin reactions, usually of the immediate type alone but sometimes immediate and delayed, to Aspergillus extracts and 65 % of them have precipitating antibodies to the same extracts. Aspergilloma, however, is not usually associated with hypersensitivity reactions but precipitating antibodies are present in virtually all such patients (Pepys et al. 1959 , Pepys 1960 . On the occasions when some species of Aspergillus other than A. fumigatus is the causal agent, the fact may be serologically demonstrable.
Research into the possibilities of active immunization is also being pursued and some hopeful signs have appeared, particularly with regard to coccidioidomycosis. Although strong immunity to this disease can be induced both in mice (Pappagianis et al. 1961) and in monkeys (Pappagianis et al. 1960 ) by administering the live organism this procedure can hardly be recommended; Coccidioides immitis is extremely virulent and no stable attenuated strains have yet been produced. Earlier experiments with killed vaccines were less successful. Friedman & Smith (1956) showed that injections of killed mycelium and arthrospores rendered mice relatively resistant to parenteral challenge by C. immitis but mice so vaccinated were not resistant to live arthrospore challenge intranasally (Pappagianis et al. 1961) . This observation has been confirmed (Levine et al. 1960 (Levine et al. , 1961 who noted that killed spherule components produced better immunity than killed arthrospores. More recently Levine et al. (1962) suecessfully protected monkeys with formalinkilled spherule preparations against challenge by inhalation of live arthrospores.
Group 2
Infections with species of Candida are a classic example of this group. Both skin and agglutination tests are easily conducted and frequently positive, but the results generally have little bearing on the clinical condition. All that appears reasonably certain is that women have agglutinins to C. albicans more often than men and that persons infected with that yeast are more likely to have a high titre of such antibodies than healthy subjects (Winner 1955 , Comaish et al. JO 1963 . Either healthy or diseased persons can easily have titres ranging from zero to 1/250 or more. Tsuchiya et al. (1961) demonstrated the feasibility of serological typing of yeasts, notably Candida spp. By use of mono-specific agglutinating sera they showed that Candida spp. possess a score or so of antigens of which any single species possesses somewhere between 3 and 7. It is comforting to note that this somewhat cumbersome procedure has confirmed identifications made by traditional biochemical methods. Hasenclever & Mitchell (1961) demonstrated that there are two serological types of C. albicans, one apparently identical with C. tropicalis and the other with C. stellatoidea, but that both types of C. albicans were equally pathogenic in experimental animals and more so than either of the other two species.
Group 3 There are many mycoses for which no serological tests exist; attention will be confined to actinomycetoma because some progress has recently been made in providing serological tools for diagnosing this group of diseases caused by aerobic actinomycetes. Gonzalez-Ochoa & Vazquez (1953) succeeded in dividing various pathogenic actinomycetes into groups by means of precipitin reactions with sera from experimentally immunized animals. Gonzalez-Ochoa & Baranda (1953) extracted a polysaccharide from Nocardia brasiliensis which gave specific intradermal reactions in patients infected with that organism. It has been demonstrated (Murray 1961 ) that guinea-pigs can be sensitized to various fungi and actinomycetes capable of producing mycetoma and that this sensitivity can be detected by skin tests with antigens derived from the sensitizing organisms. Bojalil & Zamora (1963) prepared polysaccharide and protein antigens from N. brasiliensis and N. asteroides which yielded accurate results in skin and precipitin tests on patients appropriately infected.
We are currently investigating the problems of diagnosing infections by aerobic species of actinomycetes by serological means. The numbers of patients so far investigated are small but the results are promising. Both skin and precipitin tests appear to be capable of accurately distinguishing between actinomycetoma and maduromycetoma.
Summary
Immunological tests in mycoses may in some diseases be of the greatest diagnostic value, e.g. histoplasmosis and coccidioidomycosis, but in others, although tests exist the results are equivocal and are nearly incapable of interpretation, e.g. candidiasis. The pattern of appearance of different antibodies in histoplasmosis and coccidioidomycosis is fairly constant and this pattern is of prognostic value as well as diagnostic. Serological reactions have also proved useful in typing certain fungi and actinomycetes. The possibility of actively immunizing against certain mycoses is being investigated.
No serological tests are in regular use in many mycoses but, in recent years, some progress has been made with regard to actinomycetoma.
Mr R B A Carnaghan (Central Veterinary Laboratory, Weybridge) Some Biological Effects of Aflatoxin The toxicity of certain samples of groundnut meal for livestock was found to be due to infection of the nut by toxin-producing strains of Aspergillusflavus (Sargeant et al. 1961) . The total toxic material produced by this mould has been named aflatoxin. The composition of the toxin, which is a mixture, is variable and is believed to depend upon such factors as the strain of the fungus, substrate, microclimate and extraction procedures. The four major constituents, named aflatoxins B1, B2, G1 and G2 (so termed as they produce blue and green fluorescence under ultraviolet light) have been isolated; analyses suggest the formula C17H1206 for B1 and C17H1207 for
